Introduction
A console of a submarine is used by the Navy to monitor and control. Operators perceive current situation through displays, and make decisions based on the collected information. As a human error can lead to fatal consequences, several researchers have emphasized the importance of human factors and suggested guidelines in designing a console. However, the suggested guidelines lacked consideration of ethnic differences, and only focused on establishing the minimum requirements instead of suggesting optimal measurements (ABS, 2013; MIL-HDBK-759C, 1995; MIL-STD 1472G, 2012 NUREG-0700, 2002) . Therefore, a further study is required to evaluate optimal design parameters by considering the anthropometric characteristics of console operators and the environmental elements inside the submarine.
Since console operators receive visual information from displays for a long time, it is liable to get musculoskeletal disorders and psychological discomfort, if the displays are not in the right position (Sommerich et al., 2001) . To achieve physical comfort, visual angle should be taken into account. Sanders and McCormick (1992) stated that a person sees 15° ~ 30° below line of sight in a natural posture. MIL-STD 1472G (2012 ) and NUREG-0700 (2002 reported that people can see -40° ~ 20° vertically from the normal line sight, and 35° horizontally. When considering head rotation, there is no problem in looking at -35° ~ 65° vertically and 60° horizontally. In addition, the angle of the screen is recommended not to exceed 45° from the normal line of sight (Kodak Company, 2004; MIL-STD 1472G, 2012 NASA-STD-3000, 1994; NUREG-0700, 2002) .
Considering these ergonomic characteristics, Shin and Hegde (2010) identified the effects of monitor height, eye-monitor distance, and tilting angle of the displays on the physical discomfort, eye fatigue, and subjective preferences. Other researchers also have clarified the importance of task characteristics and ergonomic elements in determining display position and tilting angle (Burgess-Limerick et al., 1999; Villanueva et al., 1996) . However, not only the previous studies were limited to the VDT environment with one monitor, but also the ethnic differences or environmental characteristics were not considered. Allie (2005) used more than two monitors in experiment, but was only interested in measuring user's physical fatigue.
The main purpose of this study is to suggest the optimal tilting angle of vertically arranged displays of a console. In this process, we considered anthropometric characteristics of Korean males, environmental constrains of the operation room, and context-of-use. After deriving the optimal tilting angle, its appropriateness was verified by usability test.
Method

Variables
The console of a submarine is composed of two monitors arranged vertically. Operators track and analyze targets through the lower monitor, and detect unexpected events from the upper monitor. In order to derive optimal design parameters, environmental constraints of the control room as well as the visual angles were considered. Anthropometric data of Korean were derived from Size Korea Project (2010) to reflect the physical characteristics of 20~30 Korean males who mainly operate the console. The variables used in the analysis are described below, and illustrated in Figure 1 .
• Monitor height (h): 17 inch monitors (320 mm * 569 mm) were used.
• Total height (H max ): The maximum vertical height is limited to 1415 mm by the ceiling height inside the operating room.
• Work surface height (H surface ): MIL-STD 1472G (2012) recommended that the height of the screen be 360 to 890 mm from the height of the sitting position for repetitive tasks. Since the median value of sitting height is 411mm for Korean, the height of the monitor should be at least 771mm. In this study, the height of the work surface is assumed to be 775mm.
• Eye height (H eye ): Since the average eye height is 820.12mm (Size Korea Project, 2010), we assumed eye height as 1264.12 mm by adding the chair height of the 95th percentile of Korean male.
• Eye-monitor distance (D eye-monitor ): The most appropriate eye-monitor distance in a VDT environment is suggested to be between 330 and 800 mm, or between 450 and 750 mm (ISO 9241-5, 1998; NUREG-0700, 2002) . In this study, we set this value as 570mm in consideration of the depth of the work surface. 
Derivation of optimum values
The equations for the optimal design values are as follows. The objective formula (1) means that the sum of the two monitor slopes is minimized. Constraint (2) represents that the upper part of the monitor at the top should be within the maximum field of view. Since people can see up to 65° from the normal line of sight, it is restricted to within 50° of the horizontal line. Constraints (3) and (4) mean that point of highest and lowest of lower display should be located in the viewing angle without head rotation, which is between 20° above and 40° below from the horizontal line (NUREG-0700, 2002 ). In addition, total vertical height of both monitors is limited to 625mm in consideration of the environmental constraints of the control room (5), and lastly, the tilting angle of lower display should be within 45° of normal line of sight (6).
(1) Min. θ 1 + θ 2 subject to (2) H surface +h(cosθ 1 + cosθ 2 ) ≤ H eye +D eye-monitor ×tan(50°) (3) H surface +h(cosθ 2 ) ≤ H eye +D eye-monitor ×tan (20°) (4) H eye -D eye-monitor ×tan(40°) ≤ H max -h(cosθ 1 +cosθ 2 ) (5) 0 ≤ h (cos θ 1 + cos θ 2 ) ≤ H max -H surface (6) 0 ≤ θ 1 ≤60°, 0 ≤ θ 2 ∀ θ 1 : upper monitor tilting degree, θ 2: lower monitor tilting degree
The analysis was conducted by using Generalized Reduced Gradient (GRG) nonlinear method of Microsoft Excel.
Usability test
The present study examined the appropriateness of the proposed tilting angle through usability test. For usability test, we built a full-scale mockup which is similar to the actual console. Ten ergonomic experts who are male and aged between 20s and 30s were recruited. After training the participants, they performed the tasks listed in Table 1 . Task types were divided into 'direction' tasks that operators usually perform, and 'detection' tasks, which should be performed in case of emergency.
During experiment, reaction time (RT) of each task and electromyography (EMG) activity of the cervical vertebral were measured. The experiment lasted about 1 hour for each participant. 
Results
The optimal tilting angle
As a result of calculation, it was found that the degree of upper monitor is free, while the lower monitor should be tilted between 23.18° and 60°.
Reaction time
All participants successfully implemented 'detection' tasks without failing to miss the signals. As shown in figure 2, 'direction' tasks showed significantly longer RT (1.99s) than 'detection' tasks (1.91s) (U=9341.5, p<0.001).
This result indicates that the time to read the instruction text for direction tasks is longer than the time to detect and understand the signal provided unexpectedly. 
Electromyography
The result of EMG analysis presented that %MVCs of users were 4.0% on average with standard deviation of 1.67. Since there was no significant difference between trials for each participant (repeated measures ANOVA, p = 0.819), we assumed there was no increasing fatigue over time.
Conclusion
Throughout this study, we derived the optimal ranges of tilting angles for two vertically arranged monitors by considering context-of-use, anthropometric characteristics of South Koreans, and visual angle of human. As a result of usability test with full-scale mockup, the appropriateness of the derived tilting angle was verified.
There is a limitation that we could not compare the proposed tilting angle with control groups, however, we validated its appropriateness by measuring the RT and the EMG activities. We hope our approach can be utilized in the other environments, as various types of displays are increasingly being developed in these days. The equations proposed in this study could also be used by replacing the constants related to the environmental limitations.
